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Abstract Title: Controlling the crossline position of towed source arrays using winches 

A seismic survey system includes winches 21,22 having winch cables 23,24 coupled to a source array 12 
which is towed between lead-ins 17 attached to deflectors 16. A positioning system 29 (eg GPS, acoustic 
network, laser system) determines the current position of the array 12 and a controller 32 adjusts the 
winches 21,22 to modify the position of the array 12 to a desired crossline position. The winches exert a 
lateral force on the array 12, derived from the lead-ins. The winches may be on the tow vessel 11 or may 
be located in the sea attached to the lead-ins 17 (see figure 3). Alternatively a single capstan winch may 
be used (see figure 2). Optionally, by adjusting the gun cable winches to adjust the length of the gun 
cables, the inline position of the array may be controlled (see figure 8). The system allows the source 
array 12 to be located at a crossline position which is substantially identical to a position employed in a 
previous survey. 
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ACTIVE STEERING FOR MARINE SOURCES 



B ACKGROVND Of THE INVENTIGN 
Field of fee Invention 

[001] This invoition relates to seismic exploration and more specifically, to marine 
seismic survey systems. 

Description of the Related Art 

[002] Marine seismic exploration investigates and maps the structure and character of 
subsur&ce geological formations underlying a body of water. For large survey areas, seismic 
vessels tow one or more seismic sources and multiple seismic streamer cables through the water. 
The seismic sources typically comprise compressed air guns for generating acoustic pulses in the 
water. The energy finom these pulses propagates downwardly into the geological formations and 
is reflected upwardly finom the int^iaces between subsur&ce geological formations. The reflected 
energy is sensed with hydrophones attached to the seismic streamers, and data representing such 
energy is recorded and processed to provide information about the underlying geological 
features. 

[003] Three-dimensional (3-D) seismic surveys of a grid provide more information 
regarding the subsurface formations than two-dimensional seismic surveys. 3-D surveys may be 
conducted with up to twelve or more streamers that form an array covering a large area behind 
the vessel The streams typically vary in lengfli between three and twelve kilometers. Tail 
buoys attached at ttie streamer distal aids carry radar reflectors and navigation equipment and 
hydrophones are positioned along each streamer. Since the grid is often much wider than the 
array, the tow vessel must turn around and tow the array in Isps across the grid, being careful not 
to leave large gaps between the laps across the grid. 

[004] A multiple streams azray requires diverts near the vessel to pull the streamers 
outwardly fiom the direct path behind the seismic tow vessel and to maintain the traverse or 
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ctossline spacing betwera individual streamers. Diverteis rely on hydrodynamic forces, e.g,^ liA, 
created by forward motion through Ifae water to pull the streamers outwardly and to maintain the 
transverse position relative to the vessel path. If forward motion changes due to ocean currents 
and other environmental &ctor5» the diverters will not maintain tiie desired streams position. 

[005] In 4-D geophysical imaging, a 3-D seismic surv^ is rq}eated over a grid that has 
beoi previously surveyed. This series of surveys taken at different times may show changes to 
the geophysical image ova: time caused, for example, by extraction of oil and gas from a dq)osit 
It is important that the sources being used to generate the acoustical pulses be located as closely 
as possible to the same location as in previous surveys over the same grid. This, of course, has 
been difficult to accomplish in a marine survey because the acoustical source and receiver arrays 
are typically towed behind the tow vessel and are subject to wave and current movement 

[006] In addition to the deployment and operation difficulties associated with towing 
multiple streamers, conventional techniques limit the ability to position source equipment and 
receivers in different relative positions and orientations. Because the sources and receivers are 
towed behind the same seismic vessel, array design is limited by the tow configuration. Each 
towed array is also subject to crosscurrents, wind, waves, shallow water, and navigation obstacles 
that limit the coverage provided by the survey system. While solutions for streamer 
steoing/positioning have hoen successfiilly developed (eg., WetemGeco's Q-FIN), source array 
steering has not been implemented for commercial use. 

[007] Accordingly, a need exists for an improved techniques and equipment for 
conducting marine seismic operations. It would be an advantage if such techniques and 
equipment allowed the acoustic sources to be positioned in desired locations while being towed 
behind a vessel. 

SUMMARY OF THE INVENTLON 

[008] The present invention provides ^paratus and methods for active steering of 
marine sources. In a preferred embodiment of a seismic survey system for in-sea use, the system 
includes a winch having a winch cable that is coupleable to a source array towable between two 
deflected lead-ins. The system fiirther includes a positioning system for detemining a current 
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position of the source array and a controller for adjusting the winch to modify the current 
position of the source array to a desired crossline position. 

[009] The winch may be mounted on the tow vessel or altonatively, may be mounted or 
attached to one of the deflected lead-ins at an in-sea location. In one embodiment, a capstan 
winch is mounted on the tow vessel A winch cable wrapped around the c^stan has a first end 
and a second end tiiat are each coiq)leable to opposite sides of the source array. It should be 
recognized ttiat attadiing a winch cable to a source array in any of the disclosed embodiments 
includes attaching tiie winch cable to any portion of the source array or any of the distance lopes, 
tow csd)l6S, or other devices that are linked or attached to the source array. The system further 
includes a first pulley attached to the first deflected lead-in and a second pulley attached to the 
second deflected lead-in, wherein a first segment of the winch cable wrapped around the capstan 
and having the first end of the cable enga^ the first pulley and a second segment of the winch 
cable wr^ped around ttie capstan and having tiie second end engages the second pulley. By 
rotating the csq)stan in one direction or the other, the source array may be moved to a desired 
crossline position. 

[010] In another embodiment, two winches are mounted on the tow vessel. The two 
winches may include one winch having two sq^arate reels that are indepoidently operable. With 
two winches, each having a separate winch cable, the end of each of the separate winch cables 
may be coupled to req>ective opposing sides of the source array. The system further includes a 
first pulley attached to the first deflected lead-in and a second pulley attached to the second 
deflected lead-in, wherein one of the winch cables engages the first pulley and the second winch 
cable engages the second pulley. 

[01 1] In an embodiment that inchides an in-sea winch, a first winch and second winch 
each have a winch cable that is coupleable to respective opposite sides of the source array. 
Furthemiore, the first winch is attached to the first deflected lead-in and the second winch is 
attached to the second deflected lead-in. Attachment to a 1^-in in all of the raclosed 
embodiments includes attachmrat directly or indirectiy to the lead-in by use of distance ropes, 
buoys, chain or any oth^ device that provides a cormection or link to Oe deflected lead-in. 

[012] In a preferred embodiment, the seismic survey system includes a positioning 
system tiiat comprises one or more positioning units mounted on one or more source arrays. The 
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positioning system may be selected from one of a global positioning system, an acoustic netwoik, 
a laser syston, and a combination fheieof. The positioning system may be a satellite-based 
positioning system. 

[01 3] The positioning system preferably provides a signal to the controller for indicating 
the cunent position of the source array. The controller may be adqited for triggering a seismic 
source on the source array when the source array is at the desired crosslihe position. The 
contiolla: may be positioned at a location selected from a towing vessel, the first winch, and 
combinations thereof 

[014] In a preferred rabodiment, the system steers the source array to a desu^ 
crossline position that is substantially identical to a source array position employed in a previous 
seismic survey. The desired crossline position may be defined by a streamer spread employed in 
a previous seismic survey and may be selected to avoid gaps in a seismic survey coverage. 

[015] Another embodiment of a seismic survey syston for in-sea use includes a winch 
comprising a winch cable coiq)leable to a source array that is towable between a deflected lead-in 
and a caiterline of a survey path, a positioning system for determining a current position of the 
source array and a controller for adjusting the winch to modify the current position of the source 
array to a desired crossline position. The system fiirther includes a gun cable winch comprising 
one or more gun cable reels for adjusting a length of each of one or more gun cables that tow the 
source array, wherein the controller is forfho' useful for adjusting the gun cable winch to modify 
the current position of the source array to a desnred inline position. One or more actuators for 
rotating the one or more gun cable reels are also included in the system, wherein the one or more 
actuators are powered by a system selected from electric, pneumatic, hydraulic or a combination 
thereof The controller activates each of the one or more gun cable reels to adjust the length of 
the one or more gun cables. 

[016] A further embodiment of the present invention includes a seismic survey system 
that includes a winch comprising a winch cable, wherein tiie winch cable is coupleable to a 
deflected lead-in, a roller slideably coupled to the windi cable and attached by a distance rope to 
a source array, a positioning system for determining a current position of the source array, and a 
controllCT for adjusting the winch to modify the current position of ttie source array to a desired 
crossline positioa 
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[017] The present invention also includes methods for the active steering of marine 
sources. In one embodiment, tiie present invention provides a method of positioning a seismic 
source array in tow behind a vessel comprising determining a current position of the source array 
and adjusting a lateral force applied to the source array to move die source array to a desired 
crossUne position. The lateral force may be generated by one or more towed deflectors. 

[018] The method nMyfiutiier include comparing the desired crosslinepositi 
current position and performing an i^ipropriate acdon to accomplish the step of adjusting a lateral 
force applied to die source array to move the source array to a desired crossline position. Hie 
stq> of performing an appropriate action may comprise ac^usting one or mora winches 
operatively connected to the one or more towed deflectors. 

[019] Additional steps of a prefened method may include sending a control signal to the 
one or morc winches, rotating one or mora reels of the one or more winches in response to the 
control signal, and triggering a seismic source on the source array when the source array is at die 
desired crossline positioa 

[020] To control the location of the source array to a desired inline position, a preferred 
method may include the step of adjusting a gun cable winch to change the length of one or more 
gun cables towing the source array to move the source array to a desired irdine position. Other 
preferred steps may include comparing the desired inline position with the current position, and 
determining an adjustment to apply to the gun cable winch. Additionally, a preferred method 
may include the steps of sending a control signal to one or morc actuators of the gun cable winch 
and rotating one or more reels of the gun cable winch in response to the control signal 

[021] The foregoing and other objects, features and advantages of the invention will be 
^parent from the following more particular description of a preferred embodhnent of the 
invention, as illustrated in the acconq>anying drawing wherein like refeiCTce numbeKs represent 
like parts of the inventioiL 

BRIEF DESCRIPTION OF THE DRAWINGS 

[022] FIG. 1 is an aerial view of a marine seismic survey system having a deck mounted 
winch assembly for guiding the source array. 



[023] FIG. 2 is an aerial view of a marine seismic survey system having a deck mounted 
cq)stan winch for guiding the source anay. 

[024] FIG. 3 is an aerial view of a marine seismic survey system having in sea winches 
for guiding the source array. 

[025] FIG 4 is a top view of a winch suitable for steering a source array in accordance 
witii the present invention. 

[026] FIG. 5 is an aerial view of a marine seismic survey system having a deck mounted 
winch assembly for guiding the source array with rollers mounted on the winch cables. 

[027] FIG. 6 is a schematic diagram of a control scheme to steer a source array in 
accordance with the present invention. 

[028] FIGS. 7A-7B are aerial views of a marine seismic survey system having multiple 
source arrays towed behind a tow vessel. 

[029] FIG. 8 is an aerial view of a marine seismic survey system having multiple source 
arrays towed bdiind a tow vessel that are capable of being steered to a desired crossline and 
inline position in accordance with the present invention. 

DETAILED DESCRIPTION 

[030] The presCTt invention provides a seismic survey system that includes one or more 
source arrays towed behind a tow vessel. The system may be used in association witti one or 
more receiver arrays for conducting seismic surv^s of the subsurface geological formations that 
underlie a body of water by guiding the one or more source arrays over a desired path throu^ the 
water. It should be noted that the apparatus and methods of ttie present invention may be used 
without towed streamers as, for exanq)le, a seabed s^lication having sensors lying on the seabed 
with a source vessel towing source arrays as disclosed herein, firing the guns on the source airay 
at predetemnined locations. One preferred embodimmt of the present invention comprises a 
winch having a winch cable coupled to a source array. The winch modifies the crossline position 
of die source array in the water by adjusting the length of tiie winch cable between the winch and 
the source array. Optionally, another winch may be used to modify the inline position of the 
source array by adjusting the length of the cable towing the source array. '*Cross-line'* and 
^Inline'* mean perpendicular and parallel (respectively) to a direction of tow. 
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[031] In a preferred embodiinent, the source array is towed between two deflectms 
being towed by the tow vessel. The deflectors are towed by lead-ins that are deflected to 
opposite sides of the source array. Other lead-ins for towing other seismic equipment may also 
be linked to a deflector lead-in by distance ropes so that these Ihiked lead-ins are also deflected 
lead-ins that are palled to opposite sides of the source amqr. Lateral forces are appfied to the 
source array fiom the deflected lead-ins by winch cables tiiat are attached to the source array so 
that the source amy can be moved latoally to its desired crossline position. The lateral forces 
are ^lied to ttte source array Orough flie winch cable by dflier mounting fbc winch to a 
deflected lead-in or by mounting the winch on the tow vessel and running the winch cable 
through a pulley that is attached to the deflected lead-in. The system fiirther comprises a 
positioning system for detomining the currait position of die source arr^ and a controUer for 
adjusting die winch to modify the current position of the source array to a desired crossline 
position and optionally, a desired inline position. 

[032] The deflectois that are towed through the water by the deflector lead-ins provide 
tiie lateral forces that are q)plied by the winch cables to move the source array to die desired 
crossline position. Such deflectors are well known to those having ordinary skill in the art. One 
example of a suitable deflector is disclosed in U.S. Patent No. 5357,892, which is hweby foUy 
incoiporated by reference. 

[033] Objects that are towed behmd a tow vessel traveling in a strai^ line tend to 
foUow the centerline of the tow vessel, at least when there is no wind, currwit, waves or other 
outside forces acting upon the towed objects. Generally, the towed objects &11 in towards their 
non-steered tow position. Whoi an object or groiq> of objects has to be towed through the water 
behind a vessel for die purpose of performing special measuremoits, such as towing source 
arrays and seismic streamer cables for perfonning seismic surveys, it is often important that the 
tow does not foUow directly bdiind the towing vessel or some other non-steered tow position, 
but rather is pulled out to one side of the tow vessel centerline in order to folbw a specific pafli, 
e.g., a survey design paflj. Deflectors are among fliose devices that are towed bdiind a vessel to 
deflect the tow line to one side of the towing vessel so that the towed equipment does not simply 
follow die path of the centerline of Ae tow vessel 
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[034] The winch provided in the presmt invention controls the crossline position of the 
source array by exerting the lateral forces on the source array that are graerated by the deflectors 
being towed by the deflector lead-ins. Since the towed source array generally moves along the 
centerline of tte tow vessel due to the forces exerted on the source array by the water, flie winch 
is used generally to steer the source array away fiom the cmterline of the tow vessel to a desired 
crossline position. Therefore, winch cables may be connected to boA sides of flie source anray to 
selectively pull towards either of the two deflectors deployed on the opposite sides of fte source 
array. In all disclosed embodiments, it should be recognized that attaching a winch cable to a 
source array includes attaching the winch cable to aiiy portion of the source array or any of the 
distance ropes, tow cables, or other devices that are linked or attached to the source array. The 
winch cable may be constructed of rope, wire, chain or oflier matoials known by those having 
ordinary skill in the art 

[035] In one embodiment, a capstan winch is mounted on the tow vessel with pulleys 
mounted on each of two deflected lead-ins. A capstan winch includes a drum that rotates about 
its axis to wind a winch cable that has been wrapped around it As the capstan drum rotates in a 
first direction, a pulling force is exerted on a first end of the winch cable. As the capstan drum 
rotates in a second direction, a pulling force is exerted on the second end of the winch cable. The 
grip between the winch cable and the drum is a Amotion of fiiction and on the numbo^ of times 
that the winch cable has been wrapped around the drum. 

[036] Each end of the winch cable is preferably threaded through one of the pulleys 
mounted on or attached to the deflected lead-ins and then coiq)led to one of the opposite sides of 
the source array, hi operation, as the capstan drum rotates in the first direction, the length of the 
first segment of the winch cable between the capstan and a first side of the source anray becomes 
shorter while the length of a second segment of winch cable between ttie c^stan and a second 
side of the source array becomes longer. For example, as the capstan pulls the first segment of 
winch cable towards the capstan drum, the pulley mounted on the first deflected lead-in exerts its 
lateral force on the source array, pulling the source array towards the first deflected lead-irL 
When the rotation of tiie capstan drum is reversed, the c^stan pulls the second segment of winch 
cable towards the capstan drum and the pulley mounted on the second deflected lead-in exats its 
lateral force on the source array, pulling the source array towards the second deflected lead-iru 
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Therefore, by rotating the capstan in one direction or the other, the source array is selectively 
guided to either side of the centerline of the tow vessel as desired. To facilitate deployment of 
the winch cable, the winch cable may be stored in two segments on separate reels mounted on the 
tow vessel After deploying the separate segments into the water, the proximal ends of the 
s^ments may be joined together and then wrapped around the capstan, 

[037] In a particular embodiment, Ae winch mounted on the tow vessel comprises two 
reels with two sq>aiate winch cables. The first reel pulls the first winch cable that is preferably 
threaded through the pulley mounted on the first deflected lead-in and then attached to the first 
side of the source array. The second reel pulls the second winch cable that is preferably threaded 
through the pulley mounted on the second deflected lead-in and then attached to the second side 
of flie source array. It should be noted fliat when the winch mounted on the tow vessel pulls flie 
anray towards the first deflected lead-in. the winch cable pulling flie source array in that direction 
is shortened and simultaneously, the winch cable attached to the opposite side of the source array 
is preferably lengfliened. When using a C2q>stan winch having opposite ends of the same cable 
attached to opposite sides of the source array, as one segment is lengthaied, the other segment is 
sfanultaneously shortened since the two segments make up one winch cable. Howcvct, when 
using a winch with two reels and two sq)arate winch cables, as the first reel pulls its winch cable 
in, the other reel preferably allows its winch cable to feed out so that the source array can move 
towards the first deflected lead-in without imposing a lateral force against the second deflected 
lead-in. Therefore, to move the source array towards the first deflected lead-in, the first reel pulls 
its winch cable in and the second reel feeds its winch cable out in an equal amount Thoefore, 
by rotating the two reels in opposite directions, the source array is selectively guided to either 
side of the centerline of the tow vessel as desired. 

[038J In another embodiment, the winch is not mounted on the tow vessel, but is mstead 
mounted on or attached to the deflected lead-ins. Altemativety, the in-sea winch may be 
mounted in other convenient locations, such as on the source array itself; on the distance ropes 
securing the source array or on a float betweoi the source airay and the deflected lead-in. histead 
of using pulleys to translate flie pull of the winch fiom tiie tow vessel into a lateral force, the in- 
sea winch is mounted on or near flie deflected lead-ins so that the winch exerts the lateral force 
directly upon the source array, hi fliis embodiment, a first winch reel is attached to flie first 
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deflected lead-in and a second winch reel is attached to the second deflected lead*in. To pull the 
source array towards the first deflected lead-in, the first winch reel shortens its winch cable to 
pull the source array towards it and simultaneously, the second winch reel preferably feeds its 
winch cable out to allow the source array to move towards the first deflected lead-in without 
exerting a force upon die second deflected lead-in. Therefore, as in the embodiment that includes 
two reels mounted on the tow vessel, by rotating the two reels mounted on tfie two deflected 
lead-ins in opposite directions, die source array is selectively guided to either side of the 
centffline of the tow vessel as desired. 

[039] A source array may include one or more sub-arrays that are coupled together with 
distance ropes to form one source array. Thoefore, when attaching the winch cables to the 
source array, the winch cables are prefisrably coupled to the outennost sub-array or the outermost 
distance ropes that are located on each side of the source array, which are the sub-arrays closest 
to each of the deflected lead-ins. 

[040] Typically, one or two source arrays arc towed behind a vessel conducting a 
seismic survey although more than two arrays may be towed In one embodiment of the present 
invention having more than one source array, the source arrays may be coupled together with 
distance ropes so that the two or more source arrays may be considered to be a single source 
array with winch cables attached only to the outermost sub-arrays or their distance ropes placed 
closest to the two deflected lead-ins. In this embodiment, the two or more source arrays may be 
selectively moved as a group from one side of the vessel centerline to the opposite side of the 
vessel centerline as desired. 

[041] In ariotherembodimoQit that includes multiple source arrays, one source anayn^ 
be separately steered to one side of the vessel centerline and another source array may be 
separately steered to the opposite side of the vessel centerline. Since flie forces exerted on the 
towed source arrays by the water tend to result in the source arrays following directly behind ttie 
tow vessel traveling in a straight line, latoal forces are typically applied to pull the source array 
to one side of the centerline. Therefore, one source array may be pulled laterally to the first 
deflected lead-in and the second source array may be pulled laterally to the second deflected lead^ 
in to place the source arrays at desired locations on opposite sides of the tow vessel centerline. In 
this embodiment, two winches may be mounted on the tow vessel, each having a winch cable 
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threaded tbrough a puUey attached to one of the deflected lead-ins. Alternatively, an in-sea 
winch may be attached to each of the deflected lead-ins or to alternative sites as disclosed above 
to pull die source arrays ofiF flie tow vessel centerline. 

[042] Optionally, an in-sea winch may be mounted betweoi the two source atn^ so 
that when desired, the two source arrays could be pulled together and treated as one group of 
arr^ as disclosed above. In this optional embodiment, the in-sea winch mounted between the 
source arrays allows each of the source arrays to be steered independently of the other but 
provides an option for pulling the source arrays togeflier and steering them as a group when 
desired. Preferably, the wmch cable on the in-between winch is operated with only a slight 
tension on the cable to prevent the cable ftom becoming tangled but not with enough tension to 
exert any significant fince to the source arrays when they are not bemg steered as a group. A 
controUer on the winch may monitor the cable tension and adjust the reel rotation to maintain a 
desired minimum cable tensioa Attemativdy, the on-board controller may monitor the distance 
between flie two arrays using the positioning system and send a signal to the in-between winch to 
let out only an amount of cable that is just over the calculated distance between the two source 
arrays. For example, it may be desirable to puU separate source arrays together in this manner 
prior to changmg the direction of the tow vessel so that that tow vessel can turn on a shorter 
radius without concern for tangling the cables. 

[043] Furthermore, in an embodiment of the present invention that includes multiple 
source arrays that are separately steered to a desired crossline position as described above, one or 
more winches may be utilized to adjust the length of flie gun cables used to tow the source arrays 
and thereby modify the inline position of the source arrays. When conducting a seismic sunrey 
with multiple source arrays, preferably the source arrays are aUgned evenly in their inline 
positions so that one source array is not towed ahead of another source array. This may be easUy 
accompUshed when the tow vessel is towing the seismic source arrays in waters with no 
appreciable current, wind or other outside forces and the tow vessel tracks along the centerline of 
the survey path, hi these ideal conditions, equal lengths of gun cables are deployed to tow the 
source arr^ and the source anays are towed in evaily aligned inline positions. 

[044] However, in waters having strong currents or other outside forces acting on the 
tow vessel, towing the indqsendently steered source arrays along the desired survey path requires 
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the tow vessel to compensate for the outside forces by IrackiDg a path that is not on the centeilme 
of the survey path with the vessel centerline not parallel to the centerline of the surv^ path. In 
such an arrangement, the towed source airays cannot maintain an inline alignment with each 
other because one of the source arrays is pulled ahead of the otiier source arrays due to the 
misalignment of the tow vessel centeriine to the centerline of the survey path. For example, if 
the tow vessel is pointed to the left to compensate for current, the source array on the right may 
be pulled by its gun cables ahead of the source anay on the left, thereby disnQ)ting the inline 
aligDmmt of the source arrays to each other. 

[045] To maintain the preferred inline alignment of the source anay, tiie gun cable 
winches may be adjusted to vary the lengQis of the gun cables that are used to tow the source 
airays. As one source array is pulled ahead of another source airay, the gun cables attached to the 
leading source array may be lengthened by feedii^ additional gun cables fiom the reels of the 
winch or winches. As the gun cables are lengthened, the source array drops back in alignment 
with the other source arrays. 

[046] In a preferred embodiment of the present invention, a positioning system 
determines the current position of the one or more source arrays and a control system mom'tors 
the current position of the one or more source arrays and sends a signal to one or more actuators 
on one or more winches to steer the source array to a desired location in the water. The capstan 
on a c£q>5tan winch or the reel on a mechanical winch is turned by an actuator. The actuator may 
rotate the capstan or the reel using hydraulic, pneumatic or electrical powCT. Optionally, brakes 
may be included on the winches as known to those having ordinary skill in the art and may be 
^lied by sending a signal fiom the controller to apply the winch brakes. Jn accordance with the 
present invention, the controller m^ send signals to different reels to have them rotate in the 
same or opposite directions or may send a signal to just one winch, such as when the windi 
includes a capstan. Alternatively, the controller may send a signal to drive one reel and anoflier 
signal to disengage the drive fiom a secorui reel so that the second reel can fieely move, thereby 
allowing the winch cable to be pulled easily fiom the second reel 

[047] While die winch assembly may be used for positioning a source array relative to 
the vessel, it is preferably used for positioning the source array relative to the EartL Therefore, 
at least one positioning system unit is attached to the source array to provide the controller with 
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the actuaJ global location of the source anray. The positioning system unit may be, for example, a 
global positioning system (GPS) unit, other satelUte positioning system unit, laser, an acoustic 
network, or any other type of unit known to one having ordinaiy skill in the art that mqr be used 
to determine a specific location, inchiding combinations thereof By knowing the accurate 
location of the positioning system unit and knowing the in-line location of each acoustic sowce 
in the amy relative to the positioning system unit, tiie controller can roughly detennine the 
location of each acoustic source being towed behind the tow vessel in tiie one or more sonic 
airays. 

[048] The controller conqiares the actiial location of tiie positioning system unit with the 
desired location and then sends an appropriate signal to the winch assembly to steer the source 
aiiay and thereby maintain or achieve the desired location. Since the controller is constantly 
monitoring the location of the source array, if the array is moved due to currents, waves, tides, 
winds or other outside forces, the controller may quickly sense the movement and instruct the 
winch assembly to steer the source array back to the desired location, to an embodiment having 
separately steered source arrays, the controller can instruct the gun cable winches to adjust the 
inline position of the source arrays as well. The controller may be located on the tow vessel 
communicating with the winch assembly that rotates the reels or capstan for adjusting the lengths 
of the winch cables. Alternatively, the controUer located on the tow vessel may communicate 
with individual slave conirollers located with the winch assembly as known to those having 
ordinary skiU in the art For example, in one embodiment having the winches attached to the 
deflected lead-ins, an on-board controller on the tow vessel communicates with a local controller 
built into or attached to each of the in-sea winches. These local controUeis then transmit a signal 
to the winch to adjust the length of the winch cable and steer die source array to tiie optimum 
desired location. Alternatively, the on-board controUer may send a signal directly to flie winch 
actuator to rotate flie reel without die intovoung local contaoll^. 

. [049] bx a preferred embodiment, the positioning system unit sends a signal to the 
navigation system of the low vessel, which then communicates the location of the source array to 
die on-boaid controUer. Using the navigation system of the tow vessel to receive the positioning 
system unit's signal is a preferred embodiment because the navigation system of the tow vessel 
conventionally has the capability of receiving and processing flie signal from die positioning 
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system unit One suitable navigation system is the TRINAV system owned by WestemGeco. 
Altmiatively, the capability of receiving and processing Ihe signal from the positioning system 
unit may be made part of the on-board controller. 

[050] The on-boaid controller may be a computer, a distributed control system, an 
analogue control system or other control system known to those having oidinaiy skill in the art. 
The local controller may be one or more digital controllers, analogue controllers or combinations 
thereof. The on-board controller and the local controller m^ send control signals and receive 
transmitter signals or signals fiom each other by any means, including radio waves, electrical 
conductors, fiber optics or combinations thereof 

[051] It is an important advantage of the present invmtion that the winch steers the 
source array to a predetennined position and maintains that position while the source array is 
being towed through the water. The predetermined position may be along a straight line or 
along any other track that has been defined either fiom experience or &om previous surveys, or 
the position may be one that will simply enable optimum source positions in fiiture surveys. 
Furthermore, during 4-D seismic surveys, it is important that the source array be located as 
closely as possible to the same locations used during previous surveys of the same grid. It is an 
advantage of the present invention that the winch may be used to locate the source array at the 
same location as used during previous surveys of the grid. 

[052] Without the one or more windies steering &e source array, the position of the 
source array is subject to ttie influence of currents, waves, wind and changes in the direction of 
the tow vessel. By exerting lateral force on the water, tiie wmch can steer the source array to the 
optimum predetennined crossline position by compoisating for changes in the location of 
streamers, the tow vessel path or other influences. Furthermore, the cross-line positioning 
control may be used to decrease the turning radius of the streamer vessel without tangling the 
streamers. By adjusting the gun cable winches, the inline position of each of the source arn^ 
may also be controlled. 

[053] FIG. 1 is an aerial view of a marine seismic survey syston having a deck mounted 
winch for guiding the source array. A tow vessel 11 tows a source array 12 using gun cables 13 
attached to the source array 12. The source array 12 includes a plurality of sub-arrays 14 that are 
tied together with distance ropes 15. The tow vessel 11 also tows deflectors 16 by the deflected 
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lead-ins 17. The deflectors 16 pull the seismic streamer cables 18 off tfie centerline of the tow 
vessel 11 so that the seismic streamer cables 18 do not simply follow the centerline of the tow 
vessel 1 1 as they are towed throu^ the water, thereby promoting a desired spread and sepazation 
of the streamer cables. 

[054] Two winches 21, 22 are mowited on the tow vesselll. Alternatively, one winch 
having double reels (not shown) may be mounted on the tow vessel. Winch cables 23, 24 are 
wrapped onto each of die reels 25, 26 and the ends 23e, 24e of each of ttie cables 23, 24 are 
attached to respective opposite sides of the source array 12. Each winch cable 23, 24 is threaded 
through a pulley 27, 28 attached to the deflected lead-ins 17 by a cable 19. While steering the 
source anay 12, the reels 25, 26 both rotate at the same time but in opposite directions so that as 
one winch cable 23 is pulled m or shortened, the othar winch cable 24 is let out or lengthened. 
As the first reel 25 rotates to pull in the winch cable 23, the lat^al forces genaated by the 
deflectors 16 are exerted on the source array 12 by the winch cable 23 and the pulley 27 tfaiou^ 
which fte winch cable 23 passes. 

[055] Also mounted on the source array 12 is a global positioning system (GPS) unit 29 
that notifies the navigation system 31 of the tow vessel 11 of the accurate location of the source 
array 12. A controller 32 compares the present location of the source arr^ 12 as reported by the 
navigation system 31 to a desired position and then sends a control signal to the winch actuators 
33, 34 to rotate the reels 25, 26, thereby guiding the source arr^ 12 to the desired position. 

[056] FIG. 2 is an aerial view of a marine seismic survey system having a deck mounted 
capstan winch for guidmg the source array. A csq[>stan winch 37 includes a winch cable 39 made 
up of two segments 39a, 39b that are wrapped around the capstan 38. The capstan winch 37 is 
mounted on the tow vessel 11. An actuator 33* rotates the capstan 38 to adjust the position of the 
source array 12. Each end of the winch cable segments 39a, 39b is attached to an opposite side 
of flie source array 12. The segments 39a, 39b of the winch cable 39 are threaded through 
pulleys 27, 28 that are attached to the innermost deflected lead-ins 17. It should be noted that 
deflected lead-ins 17 include those lead-ins that are linked by distance ropes 15 to the lead-ins 
that are directly attached to the deflectors 16 for towing the deflectors 16. As the capstan 38 
rotates, the lateral forces generated by the deflectors 16 are exerted on the source array 12 by the 
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winch cable 39 and the pulleys 27, 28, pulling the source airay 12 laterally to either side of the 
centerline of the tow vessel 11. For example, as the cq)stan 38 rotates clockwise, one winch 
cable segment 39a shortens and the other winch cable segment 39b lengthens, thereby pulling the 
source array 12 off the centerline of the tow vessel 11. Each of the winch cable segments 39a, 
39b are stored separately on storage drums 36 and are joined together to &nn one winch cable 
after depbyment into the mtar to facilitate dq)loyment 

[057] FIG. 3 is an aerial view of a marine seismic survey system having in sea winches 
for guiding the source array. Instead of mountii^ a winch on boaid the tow vessel 11 as shown 
in the previous figures, winches 51, 52 are attached to the deflected lead-ins 17 by ropes 19 to 
guide the source array 12 being towed by the tow vessel 11. Lateral forces generated by the 
deflectors 16 are exerted on the source array 12 when one of the winch cables 54, 55 is shortmed 
by operating one of the winches 51, 52. As the first winch 51 pulls one of the winch cables 54 
in, the other winch 52 releases its winch cable 55 so that the source array 12 is moved towards 
the first winch 51. Therefore, the reels on the winches 51, 52 rotate in opposite directions when 
in operation so that one winch 51 is taking in winch cable 54 when the otfa^ winch 52 is letting 
out winch cable 55. 

[058] Also mounted on the source array 12 is a global positioning system (GPS) unit 29 
that notifies the navigation system 31 of the tow vessel 1 1 of the accurate location of flie source 
array 12. A controller 32 conq>ares the present location of the source array 12 as reported by ibc 
navigation system 31 to a desired position and then sends a control signal to the winches 51, 52» 
thereby guiding die source array 12 to the desired position. 

[059] FIG. 4 is a top view of a winch suitable for steering a source array in accordance 
with the present inventioiL The winch 51 is attached to the deflected lead-in 17 as shown in FIG. 
3. The reel 61 rotates to take up or let out the winch cable 54, which is attached to one side of 
the source array 12 (see FIG. 3). The reel 61 may preferably be turned with an electric or 
hydraulic motor 63 powered 6om the umbihcal cable 62 fixMn the tow vessel 11. Batteries 64, or 
other energy storage unit, may also be included to provide power to turn the reel 61. A controU^ 
unit 65 may be provided for controlling the winch motor 63. Preferably, the controller unit 65 on 
file winch 51 acts as a slave controller to the controller 32 on the tow vessel 11 (see FIG: 3). 
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[060] FIG. 5 is an aerial view of a marine seismic survey system having deck mounted 
winches for guiding the source array with roUers mounted on the winch cables. In the 
embodiment shown, the source anay 12 is towed by the tow vessel 11 between two deflectors 16 
towed by the deflected lead-ins 17. Two winches 21, 22 are mounted on the tow vessel 11. ITie 
ends 23e, 24e of the winch cables 23. 24 are each attached to the deflected lead-ins 17. Rollers 
73, 74 are slideably coupled to each of the winch cables 23, 24 so that the roUeis fieely slide 
along the winch cables 23, 24. Distance ropes 75, 76 couple opposite sides of the source anay 12 
to the rollers 73, 74 ttutt are slideably co\q)led to die winch cables 23, 24. 

[061] As one of the winch cable 23, 24 is winched in, the slack in ihe winch cable 23, 
24 is taken out so that flie winch cable moves towards the deflected lead-ins 17. The roUer 73, 
74 slides along the winch cable 23, 24 being winched in and also moves towards the deflected 
lead-in 17 since the roller 73, 74 is attached to the winch cable 23, 24. The distance rope 75, 76 
that couples the roller 73, 74 to opposite sides of the source anay 12 pulls the source array 12 
towards the deflected lead-in 17. For example, as one winch 21 rotates its reel 25 to pull in the 
winch cable 23, the slack from the winch cable 23 is removed and the winch cable 23 moves 
towards the deflected lead-in 17. As the winch cable 23 moves towards the deflected lead-in 17, 
the distance rope 75 coupling the roller 73 to the source anay 12 exerts a lateral force on the 
source anay 12, thereby moving the source anay 12 to a desffed location. As in the examples 
shown in previous figures, as the first winch reel 25 rotates to take in its winch cable 23, the 
second winch reel 26 rotates to feed out its winch cable 24 to aUow the source anay 12 to move 
laterally towards the first winch cable 23. It should be noted that the anangement disctosed in 
this figure of roUers 73, 74 sKdeably coupled to the deflected lead-ins 17 may be used with 
multq>le source an^ embodunents such as shown in FIGS. 7A-B and 8. 

[062] WIG. 6 is a schematic diagram of a control scheme to steer a source anay in 
accordance with the present invention. The positioning unit 29 mounted on one of the sub-anays 
14 that make up the source anay 12 (see FIG 1) transmits the position of the sub-anay 14 to the 
navigation system 31 located on the tow vessel 11 (see FIG. 1). The navigation system 31 
provides the location information received firom the positioning unit 29 to the on-boaid controller 
32. The on-board controller 32 may be a computer, a distributed control system, an analogue 
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control system or other control device known to those having ordinaiy slcill in the art The on- 
board controller 32 preferably conunnnicates with the local controller 29 throu^ the umbilical 
62 running between the ship and the winch as known to those having ordinary skill in the art, but 
may communicate throu^ a wireless transmission. The umbilical 62 contains conductors for 
providing power and control signals to and fiom the winch 22. The local controller 66, acting as 
a slave to Ifae on-board controller 32, sends a signal to the electric motor 34 tiiat moves the leel 
26 to pull the winch cable 23 onto the reel 26 or feed the winch cable 23 off the reel 26, ther^ 
moving Qie source array 12 to a desired location (FIG. 1). There may be more than on GPS or 
other positioning unit 29 mounted on one or more source array. Using the one or more 
positioning units 29 provides a location of the geometric center of each source array, v^ch may 
be positioned as desired using apparatus and method of the present invention. 

[063] FIGS. 7A-7B are aerial views of a marine seismic survey system having multiple 
source arrays towed behind a tow vessel FIG. 7A is an aerial view of two source arrays 12a, 12b 
being towed by a tow vessel 11 that are coi^led together with distance ropes 81. Because the 
two source airays 12a, 12b are coupled together, the two source arrays 1 2a, 12b act as one source 
arr^ group 82. The winch cables 23, 24 are attached to opposite sides of the source array group 
82. The source array group 82 is guided by the windies 21, 22 mounted on the tow vessel 11 as 
described above for one source anay. Optionally, the winches may be coupled to the deflector 
lead-ins 17 as shown iii FIG. 3, thereby steering ^e source array group 82 as a siiigle source array 
12 as described above. Each of the individual source arrays 128, 12b may be fixed sq^arately or 
in unison but they are steered by the winches to a desired position as a single source array in the 
configuration shown in FIG. 7A. 

[064] HG. 7B is an aerial view of two source arrays 12a, 12b that are not coupled 
together being towed by a tow vessel 11. Bach of the source arrays 12a, 12b are positioned 
independently of each oflier by the winches 21, 22 mounted on the tow vessel 11. OptionaUy, the 
winches may be attached to the deflected lead-ins 17 as shown in FIG. 3. Each of the source 
arrays 12a, 12b are influenced by the deflected lead-ins 17, but tend to follow the tow vessel 11 
centerline. Therefore, to reliably control their positions, lateral forces need only be applied 
externally to move the source arrays away from the tow vessel 11 centerline. Since each of the 
ends 23e^ 24e of the winch cables is attached to only one side of the arrays 12a, 12b, ttie source 
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arrays 12a, 12b are pulled in opposite directions away fiom the tow vessel 11 coiterline when 
the winch cables 23, 24 are winched in. When the winch cables 23, 24 are fed out, the source 
arrays 12a, 12b are moved towards the tow vessel 11 centerline by the forces exerted by the 
water. The deflected lead-ins 17 are shown towing dedicated deflectors 16 used only to provide 
the lateral force required to move the source arrays 12a, 12b. Similar arrangements of dedicated 
deflected lead-ins 17 are suitable for all embodiments of the present inventiori. 

[065] FIG. 8 is an aerial view of a marine seismic survey system having multiple source 
arrays towed behind a tow vessel that are capable of being steered to a desired crossline and 
inline position in accordance wiA flie present invention. Two source arrays 12a, 12b are towed 
by a tow vessel 11 using the gun cables 13a, 13b that attach the source arrays 12a, 12b to the 
winches 91 mounted on the tow vessel 11. Each of the source arrays 12a, 12b may be moved to 
a desired crossline position relative to the centerline of the survqr path 92 as described above and 
as shown in FIG. 7B. Altanatively, each of the source arrays may be moved to a desired 
crossh'ne position relative to the centerhne of the survey path 92 by any of the systems or 
methods described above in accordance with the present inventioiL 

[066] To position the source arrays to a desired inline position relative to an inline 
reference, such as the front end(s) of one or both of the source arrays, a winch 91 adjusts the 
length of each of the gun cables 13a, 13b so that the both the source arrays 12a, 12b are, for 
example, evenly aligned with each other relative to a line papendicular to the centeriine of the 
survey path 92. 

[067] To tow the source arrays along a tow path parallel to the centerline of the survey 
path 92, the tow vessel 11 steers off the centerline 92 to compensate for current forces 93, as well 
as other q)plied forces. Without adjusting &e lengths of the gun cables 13a, 13b, the source 
arrays 12a, 12b are of&et by a distance 94 determined by the magnitude of the compensation 
made by the tow vessel 1 1 to ovracome fee current 93 or other forces, such as die wind, tide, ete. 
By lengthening the gun cables 13b attached to ttie leading source array 12b, the inline position of 
the source array 12b is modified to reduce the oflEset distance 94 to a minimum acceptable 
amount The length of the gun cables 13a, 13b can be adjusted by the winches 91 mounted on 
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the tow vessel 11, by feeding gun cables off reels of the winches 91 to lengthra the gun cables or 
by taking gun cables up onto the winches 91 to shorten the gun cable 13a, 13b. 

[068] Also mounted on at least one of the source arrays 12a, 12b is a global positioning 
system (GPS) unit 29 that notifies the navigation system 31 of the tow vessel 11 of the accurate 
location of the source axrays 12a, 12b. A controller 32 compares the presmt location of die 
source arrays 12a, 12b as reported by the navigation system 31 to a desired ciossline and inline 
position and then sends a control signal to actuators on the winches 21 , 22, 91 to rotate the reels 
of the winches and thereby guide the source arrays 12a, 12b to the desired crosslme and inline 
position. 

[069] It will be understood from ttie foregoing description that various modifications 
and changes may be made in the preferred embodiment of the present invention without 
departing from its true spirit It is intended that this description is for purposes of illustration 
only and should not be constmed in a limiting sense. The scope of this invention should be 
limited only by the language of the following claims. 
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CLAIMS 



What is claimed is: 

1 . A seismic survey system for in-sea use, comprising: 

a first winch comprising a first winch cable coiqileable to a source array that is towable 

between a first deflected lead-in and a second deflected leadrin; 

a positioning system for determining a cuixent position of the source ain^ and 

a controller for adjusting the first winch to modify ttie cunent position of flie source array 

to a desired ciossline position. 

2. The seismic survey system of claim 1, wherein the first winch is mountable on a tow vessel. 

3. The seismic survey systan of claim 2, the first winch fiirther comprising a capstan, wherein 
a first end and a second end of the first winch cable are coiq)leable to opposite sides of the source 
array. 

4. The seismic system of claim 3, fiirflier comprising: 

a first pulley attached to the first deflected lead-in and a second pulley attached to the 
second deflected lead-in, whaein a first segment of the first winch cable having the first end 
engages the first pulley and a second segment of the first winch cable having the second end 
engages the second pulley. 

5. The seismic surv^ system of claim 2, fintiiier comprising: 

a second winch mountable on the tow vessel, the second winch coni^rising a second 
winch cable coiq)leable to the source array, wherein the first winch cable is coupleable to a first 
side of tile source array and flie second winch cable is coupleable to a second side of the source 
array. 

6. The seismic survey system of claim 5, fiirther comprising: 
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a first pulley attached to the first deflected lead-in and a second pulley attached to the 
second deflected lead-in, wherein the first winch cable engages the first pulley and the second 
winch cable engages the second pulley. 

7. The seismic survey system of claim 1, fimher comprising: 

a second winch comprising a second winch cable coupleable to the source array, wherein 
Hxe first winch is attached to the first deflected lead-in and ttie second windi is attached to the 
second deflected lead-irL 

8. The seismic survey system of claim 7, wherein the first windi cable is coupleable to a first 
side of the source array and the second winch cable is coiq>leable to a second side of the source 
array. 

9. The seismic survey system of claim 1, wherein the positioning system comprises at least 
one positioning unit mounted on the source array. 

10. The seismic survey system of claim 9, wherein the positioning system is selected fix)m one 
of a global positioning system, an acoustic network, a laser system, and a combination thereof 

11. The seismic survey system of claim 9, wherein the positioning system is a satellite-based 
positioning system. 

12. The seismic survey system of claim 1, wherein the desired crossline position is 
substantially identical to a source array position employed in a previous seismic survey. 

13. The seismic survey system of claim 1, wherein the desired crossline position is defined by a 
streamer spread employed in a previous seismic survey. 

14. The seismic survey system of claim 1, wherein the desired crossline position is selected to 
avoid g^s in a seismic survey coverage. 
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15. The seismic survey system of claim 1, wherein the positioning system provides a signal to 
the controller for indicating the current position of die source array. 

16. The seismic survey system of claim 15, wherein the controller is adapted for triggering a 
seismic source on the source array when the source array is at die desired crossline position. 

17. The seismic survey system of claim 1, wherein the controller is positioned at a location 
selected fiom a towing vessel, die firat winch, and combhiations thereof. 

18. A seismic survey system for in-sea use, conqirising: 

a winch conqnising a winch cable coi^leable to a source array that is towable between a 

deflected lead-in and a centoline of a surv^ path; 

a positioning system fat determining a currmt positicm of die source amy, and 

a controller for adjusting die winch to modify die current position of die source array to a 

desired crossline positioTL 

19. The seismic survey system of claim 18, wherein die winch is mountable on die tow vesseL 

20. The seismic survey system of claim 1 9, fiuther comprising: 

a pulley attadied to die deflected lead-in, wherein die winch cable engages die puUey. 

21 . The seismic survey system of claim 18, wherein die winch is attached to die deflected lead- 
in. 

22. The seismic survey system of claim 18, fiudier conqirising: 

a gun cable winch comprismg one or more gun cable reels for adjusting a lengdi of each 
of one or more gun cables dud tow die source array, wherein the controller is fiirdier for adjusting 
die gun cable winch to modify die current position of die source array to a desired inline position. 
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23. The seismic survey system of claim 22, further conq)rising: 

one or more actuators for rotating the one or more gun cable reels, wherein the one or 
more actuators are powered by a system selected fiom electric, pneumatic^ hydraulic or a 
combination &ereo£ 

24. The seismic survey system of claim 23, wherein the controller activates each of the one or 
more gun cable reels to adjust the lengdi of the one or more gun cables. 

25. A seismic survey system for in-sea use, comprising: 

a winch conq)rising a winch cable, wherein the winch cable is coupleable to a deflected 

lead-in; 

a roller slideably coupled to the winch cable and attached by a distance nc^e to a source 

array; 

a positioning system for determining a current position of the source smy; and 
a controller for adjusting the winch to modify the cunent position of the source array to a 
desired crossline position. 

26. A method of positioning a seismic source array in tow behind a vessel, comprising: 

determining a current position of the source array; and 

adjusting a lateral force applied to the source array to move the source array to a desired 
cmssline position. 

27. The method of claim 26, wherem the lateral force is generated by one or more towed 
deflectors. 

28. The method of clahn 27, further comprising: 

comparing the desired crossline position with die current position; 
performing an sf}propriate action to accomplish the step of adjusting a lateral force 
Ued to the source array to move the source array to a desired crossline positioa 
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29. The method of claim 28, wherein the step of perfonning an ^ropriate action comprises: 

adjusting one or more winches operatively connected to the one or more towed deflectors. 

30. The method of claim 29, further comprising: 

sending a control signal to the one or more winches; and 

rotating one or more reels of the one or more winches in response to the control signal. 

3 1 . The method of claim 26, iiirther conq3rising: 

triggering a seismic source on the source array when the source array is at the desired 
crossline position. 

32. The method of claim 26» wherein the desired crossUne position is substantially identical to a 
source airsy position employed in a previous seismic survey. 

33. The mediod of claim 26, wherein the desired crossline position is selected to avoid gaps in a 
seismic survey coverage. 

34. The method of claim 29, further comprising: 

adjusting a gun cable winch to change the length of one or more gun cables towing the 
source array to move the source array to a desired inline position. 

35. The me^d of claim 34, furtiier comprising: 

comparing the desired mline position with tiie current position; 
determining an ac^ustment to Bpply to the gun cable winch. 

36. The method of claim 35, further comprising: 

sending a control signal to one or more actuators of the gun cable winch; 
rotating one or more reels of the gun cable winch in response to flie control signal 
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